Molecular

Epidemiology of Japanese Encephalitis Virus, Taiwan
To the Editor: Japanese encephalitis virus (JEV) is a mosquito-borne member of the family Flaviviridae and the genus Flavivirus. JEV is a major cause of viral encephalitis in Asia. Phylogenetic analysis of the envelope (E) gene sequences has shown that JEV strains can be clustered into 5 distinct genotypes (1) . Among them, genotype III (GIII) has had the widest geographic distribution in countries in Asia, including Japan, South Korea, People's Republic of China, Taiwan, Vietnam, the Philippines, and India (2) . Before 1990, GIII had been the major epidemic JEV type in these areas. However, the introduction of JEV genotype I (GI) has been reported in Japan, Vietnam, South Korea, Thailand, and China in the past decade (3-6). Nabeshima et al. recently reported surveillance results that provided substantial evidence of frequent introductions of JEV GI into Japan from Southeast Asia and continental eastern Asia (7) . Because all current vaccines are derived from JEV GIII strains, the effectiveness of vaccination in inducing protective neutralizing antibodies against various genotype strains needs to be carefully evaluated, taking into account genotype shift in these countries.
Japanese encephalitis is endemic in Taiwan. Reports on the molecular epidemiology of JEV in Taiwan are scarce. Jan et al. (8) reported the genetic variation of 47 JEV isolates from Taiwan before 1994. Phylogenetic analysis showed that all Taiwanese isolates were GIII, and they were classifi ed into 3 clusters.
To understand the genetic variation of JEV strains currently circulating in Taiwan, we conducted a surveillance program in the following areas: northern (Taipei, Taoyuan, and Yilan counties and Taipei City), central (Taichung and Changhua counties), southern (Tainan and Kaohsiung counties), and eastern (Hualien County) during 2005-2008. Real-time reverse transcription-PCR (RT-PCR) was used to screen JEV in mosquito pools, pig serum specimens, and human cerebrospinal fl uid as described (9) . Mosquitoes were pooled by species, location, and collection date in groups of 30-50 mosquitoes. Mosquito pools were homogenized and clarifi ed by centrifugation, and the supernatants were sterilized by fi ltration and removed for real-time RT-PCR and virus isolation.
We used 3 sets of primers for realtime RT-PCR: fl avivirus-specifi c (FL-F1: 5′-GCCATATGG TACATGTG-GCTGGGAGC-3′; FL-R3: 5′-GTKA TTCTTGTGTCCCAWCCGGCTGT GTCATC-3′; FL-R4: 5′-GTGATGCG RGTGTCCCAGCCRGCKGTGT CATC-3′), JEV-specifi c (10) (JE3F1: 5′-CCCTCAGAACCGTCTCGGAA-3′ and JE3R1: 5′-CTATTCCCAGGTG TCAATATGCTGT-3′), and JEV GIIIspecifi c (E12F: 5′-CTGGGAATGG GCAATCGTG-3′ and E325R: 5′-TGTCAATGCTTCCCTTCCC-3′). Samples with positive results by RT-PCR were subjected to virus isolation by using a mosquito C6/36 cell line. A total of 47 JEV isolates were obtained: 38 from mosquitoes, 8 from pig serum samples, and 1 from human cerebrospinal fl uid.
Viral RNA was extracted from JEV-infected culture medium, and RT-PCR and DNA sequencing were performed to determine the complete E gene sequences of JEV isolates. Multiple sequence alignment and phylogenetic analysis were conducted by using CLUSTALW software (www. ebi.ac.uk/Tools/clustalw2/index.html) and MEGA version 4 (www.megasofteware.net). The phylogenetic tree was constructed by the neighbor-joining method and the maximum composite likelihood model.
The Figure .3% identities, respectively). Therefore, JEV GI strains from Taiwan were likely introduced by water birds migrating back and forth along the Asia-Australasia fl yway, which passes through many countries, including Indonesia, Malaysia, Australia, the Philippines, Taiwan, China, and Japan (3).
Our results clearly showed that JEV GIII strains remain the most dominant population circulating in Taiwan, although 2 JEV GI strains were isolated from wetland areas in northern Taiwan 
